The genus Aeromonas comprises known virulent and avirulent isolates and has been implicated in waterborne disease. A common infection model of human gastroenteritis associated with A.
peak rates of occurrence in the environment. Two studies recovered more aeromonads in surface water than in groundwater (Burke et al. 1984; Legnani et al. 1998) .
The consequences resulting from exposure of host cells to Aeromonas and their associated virulence factors (VFs) are not fully defined. The published literature presents confounding information on the relative importance of a particular Aeromonas VF or which VFs are absolutely essential for causing disease. Therefore, it is not currently possible to assess health risks associated with the large population of different Aeromonas isolates found in drinking water sources. A neonatal mouse model for Aeromonas, as described by Wong et al. 1996 , has been used in past research to quantitate virulence of A. hydrophila. Gene
Chip technology provides an innovative technique to monitor host cell transcriptome changes due to infection.
Analyzing excised intestinal tissue after artificial infection
will produce a holistic, yet very complicated, picture of host response. Epithelial cell cultures model the site of infection for many enteric pathogens. Results obtained from infection of an epithelial cell monolayer should reduce the complexity and be predictive of disease initiation. In a review of microarray research (Cummings & Relman 2000) , examples are provided to support this approach with various known pathogens. Advantages noted include rapid detection of pathogen exposure and use of a single water sample to diagnose exposure to multiple disease agents.
In this work, a similar approach has been used to evaluate host cell exposure to A. hydrophila isolates. The intent was to demonstrate that the expression of specific host cell genes (previously reported to be up-or down-regulated in bacteria challenged host cells) can be similarly regulated in response to virulent A. hydrophila. An additional goal was to determine if the mRNA response in a mouse model of intestinal epithelial cells is comparable to the response seen in the whole animal's small intestinal tissue. hours at 378C. The resultant lawn of bacteria was suspended in 20 ml of phosphate buffered saline (PBS) at pH 7.4 to give a concentration of 10 9 CFU/ml. In the tissue culture tests, Aeromonas suspensions were diluted to about 10 6 CFU/ml in PBS (1:1000 dilution). Viable cell counts were performed to confirm actual dosage levels. The initial concentrations for bacterial cell suspensions harvested from the SBA plates were 1.9 £ 10 9 and 1.8 £ 10 9 for EPA1 and EPA2, respectively, for the tissue culture experiments and 6.5 £ 10 9 and 6.3 £ 10 9 for EPA1 and EPA2, respectively, for the neonatal experiments.
METHODS

Aeromonas
Controls consisted of either sterile PBS or combined UV and heat killed suspensions of EPA1 (heating at 508C
for 20 minutes while exposed to UV light) (Model 11SC-1, Spectronics Corp., Westbury, NY, USA). The loss of viability was confirmed by a culture assay.
Neonatal mice
All animal experiments were performed under a protocol 
Cell cultures
In vitro experiments were performed using an intestinal murine cell line (mIC cl2 ) which have been derived from isolated crypts of small intestinal villi of a L-PK/Tag1 transgenic mouse (Bens et al. 1996) . Previous studies have demonstrated that these cells expressed many features of crypt epithelial cells from which they were derived (Peng et al. 1999; Hornef et al. 2002; Luangsay et al. 2003) . 
Gene chips
High quality double-stranded cDNA was created from total RNA using a SuperScript TM Double-Stranded cDNA Synthesis kit (Invitrogen, Carlsbad, CA, USA) using manufacturer's protocol. Biotinylated cRNA targets were produced in vitro from cDNA using a Enzo BioArray TM HighYield TM RNA Transcript labeling kit (Affymetrix, Santa Clara, CA, USA) using manufacturer's protocol.
The cRNA targets were then hybridized to prefabricated Mouse 430A and B GeneChip probe arrays (Affymetrix, Santa Clara, CA, USA) and scanned according to the manufacturer's protocol.
Microarray data processing and analysis
To account for differences attributable to non-biological factors (e.g., sample processing that might lead to different starting concentrations of mRNA) data were normalized using a log scale, robust multi-array analysis (RMA) method (Irizarry et al. 2003 ; reviewed by Saviozzi & Calogero 2003) .
Normalization was performed using the RMA module of an R-based program language, specific to Affymetrix applications, downloaded from the Bioconductor web site (www.bioconductor.org).
Once data were normalized, mRNA intensities were assessed using significant analysis of microarrays (SAM) (Version 1.21) obtained from Stanford University's web site (http://www-stat.stanford.edu/ , tibs/SAM/) (Tusher et al. 2001 ). The SAM program was used to select an acceptable false discovery rate of 5% (FDR) for this study.
RESULTS AND DISCUSSION
Up-and downregulated genes
The number of genes with at least 2-fold change in expression when compared to a phosphate buffered saline (PBS) control is shown in Table 1 In the present study, the absolute number of up-and downregulated genes was similar when fold change was not a criterion (data not shown). However, when a fold change of greater than 2 was applied, most downregulated genes were discarded. If a criterion of greater than 3 fold change was applied, the downregulated genes almost completely disappear. As a modified t-test, SAM is sensitive to variability. Small fold changes between the control and experimental replicate average responses, combined with the variation inherent in true replicates (as were used in this research), causes downregulated genes with small fold changes to be considered as not significant by SAM.
When Cohen assessed reproducibility using independent infections (i.e., true replicates) the percent genes commonly found between the replicates were 57% and 21% for up-and downregulated genes, respectively. If we consider EPA1 and Reproducibilty of this magnitude is encouraging considering the complexity of the assay involved. Gene expression upregulated in neonates and intestinal cell culture Table 2 lists the 26 genes whose expression was significantly changed in both the neonates and cell cultures. Seven of these genes (Ccl2, Csf3, Socs3, Tnfaip3, Nfkbia, Cepbd, and Icam1) were also reported by Galindo et al. (2003) to be upregulated in murine macrophages exposed to the purified Aeromonas cytotoxic enterotoxin Act. A majority of these 26 upregulated genes have been associated with the innate immune response, for example, cytokines and transcription factors that act to regulate cytokine gene expression. In addition, four surface receptor molecule genes (Icam1, Vcam1, CD14, Tlr2) were also up-regulated.
NF-kB is a transcription factor known to be a central regulator of the innate immune response to entero-invasive bacteria (Elewaut et al. 1999) . The Nfkbia gene encodes one of three inhibitors which maintain NF-kB in an inactive state. If cells are stimulated by exposure to bacterial lipopolysaccharide (LPS), the complex bound to NF-kB is phosphorylated and subsequently degraded by proteases, allowing NF-kB to translocate to the nucleus. There the NF-kB binds to a number of promoters inducing the transcription of a variety of genes including those coding for several cytokines and chemokines. Nfkbia is also upregulated as a mechanism to shut down the cytokine production before extensive cellular damage occurs.
CD14 and toll-like receptor 2 (Tlr2) are both known mediators of bacterial induced cellular signaling. Soluble CD14 (sCD14) has been shown to be up-regulated in LPSstimulated human intestinal cells (Funda et al. 2001 ) and is (Hornef et al. 2002; Hornef et al. 2003) . However, Tlr2 also mediates trans-membrane LPS signaling via the NF-kB pathway and is enhanced by CD14 (Yang et al. 1998) . and produced an increase in adherence of neutrophils to epithelial cells (Huang et al. 1996) . 
